The species structure of epizoic communities of Rotifera was analyzed on three species of freshwater sponges: Spongilla fragilis Leydy, Spongilla lacustris (L.) Vejd. and Ephydatia fluviatilis (L.) Vejd. In total, all studied sponges hosted 87 rotifer species. Epizoic communities of Rotifera from particular sponges were very diverse, reach in species and unique. Thus, sponges covering both natural substrates and artifacts may create "hot-points" of rotifer species diversity and therefore may play an important role in re-naturalization of wastes.
INTRODUCTION
Freshwater sponges are spread in both lentic and lotic habitats. They colonize different substrates including rocks, boulders, pebbles, shells of bivalves and gastropods, wood debris, roots or branches of riparian trees and bushes, aquatic plants and various man-made substrata, such as glass, cement, plastic and metallic objects (Manconi, Pronzato 2002) . From among ca. 150 species of freshwater sponges known from the world, only seven have been recorded in Poland (Pilipiuk 2008) , all from the family Spongillidae Gray, 1867.
Freshwater sponges have very variable body shape, dimensions, consistency and color. In most species the body texture is soft and fragile while other species are hard and massive (Manconi, Pronzato 2008) . The presence of sponges usually indicates purity of waters and abundance of nanoplankton, which is the main food of sponges (Simm 1953) .
The sponges are hosts for many invertebrates, like Annelida, Nematoda, Turbellaria, Polychaeta, water mite Hydrachnidia -Unionicola, and Crustacea. There are some difficulties, however, in understanding the mode of non-antagonistic relations between sponges and their "guests". The degree of intimacy between rotifers and freshwater sponges is unclear. It would be a commensal relationship in which the sponge only provides a substrate. It is also possible that sponges provide rotifers with a kind of refuge from predators. Studies on rotifer fauna inhabiting sponges are scarce and of rather faunistic character. It seems, however, that sponges may be occupied by rotifer species typical of this kind of host, as Bērzinš (1950) found and described Ptygura spongicola Bērzinš as a species associated with sponges. The species was then found again on the same host by Ejsmont-Karabin (Ejsmont-Karabin et al. 2004) in the Biebrza River.
The aim of the study was to assess a role of sponges as hosts for Rotifera and to answer some questions regarding ecology of rotifer communities inhabiting freshwater sponges, like: Are the communities abundant and reach in species? Are they built of species specific to this kind of host?
MATERIALS AND METHODS
Location of sponges have been identified on the basis of a preliminary survey in north-eastern Poland.
Freshwater sponges were collected on one occasion at the end of June and at the beginning of July 2008 at ten sampling sites located in northeastern Poland: six in the Augustów Canal (S1-S6) and four in rivers in Knyszyn Forest: the Świniobródka River and the Supraśl River (S7-S10) (Fig. 1, Table 1 ). Three species of sponges were collected: Spongilla fragilis Leydy, Spongilla lacustris (L.) Vejd. and Ephydatia fluviatilis (L.) Vejd.
Fragments of sponge colonies of 300 to 1100 cm 2 area were placed in plastic bottles filled with distilled water and then preserved in 10% formalin solution. The material was then vigorously rinsed and water with detritus and rotifers was filtered through a net of 30 μm mesh size. Height, length and width of each colony were measured. Geometric shapes of the colonies were recorded. The total surface area of each colony was estimated using the appropriate geometric formulas (e.g. spherical segment, cylinder and/or part spheroid). The number of rotifers was then expressed per 100 cm 2 of the colony area.
An index of faunal originality by Puchalski (1987) was used to evaluate a distinction of rotifer fauna between epizoon of particular sponges. To calculate the index, each rotifer species was given the reciprocal of the number of sponge colonies in which a species was recorded. Values characteristic of all species were summed for the colonies, and the sum was divided by the number of species found on a sponge.
The species diversity index according to Shannon & Weaver (Margalef 1957 ) was used and Bray-Curtis similarity analysis was applied using lists and numbers of rotifer species for all ten studied colonies of hosts.
Data were analyzed using the BioDiversity Pro Software.
RESULTS
The sponges under study occupied relatively shallow areas (10 -20 cm). Three species of freshwater sponges were found at ten sampling sites: Spongilla fragilis Leydy, Spongilla lacustris (L.) Vejd. and Ephydatia fluviatilis (L.) Vejd. Spongilla lacustris was the most common one. Two sites were covered by two different and treated separately sponge species (Table  1) . The studied colonies of sponges occupied different substrates: cement, stones, wood and metallic objects. They were found in slow and fast flowing waters of relatively good quality (Table 1) .
Generally, the studied sponges hosted 87 monogonont rotifer species (Table 2) . Each of the sponge species had rotifer communities dominated by different species, i.e. Lecane closterocerca and L. flexilis were dominants on E. fluviatilis, Anuraeopsis fissa -on S. fragilis and Keratella cochlearis -on S. lacustris (Table 1 and 2). Rotifer communities inhabiting Table 3 ). The index ranged from 0.22 to 0.52, with the highest originality of rotifer fauna on Spongilla lacustris (S7, Table 1 ).
The list of rotifer species living on sponges (Table  2) is relatively long as it covers ca. 18% of all monogonont species reported from Poland (Ejsmont- Karabin et al. 2004 ). However, rotifer communities in particular colonies of sponges are markedly poorer in species (Table 3) . The exception are two sites, i.e. Spongilla fragilis at S2B (the canal in the village of Białobrzegi) with 41 species and Ephydatia fluviatilis at S5B (the canal in the village of Mikaszówka) with 35 species. Samples from both these sites involved mixed colonies of two host species (Table 1 ) and the colonies occupied artificial substrates. Despite of these similarities, rotifer communities from these two sites are not very similar, as it appears from the dendrogram (Fig. 2) . A mean number of monogonont species at the remaining sites was about 14. The dendrogram did not generate groups of sites associated with the type of substrate, physical patterns or host species. For example, a group of sites S7, S6, S8 include both river and canal habitats, cement and stone as substrates and two species of sponges (Fig. 2) . Nevertheless, it become clear that the habitat from which the sponges were collected is of some importance for their rotifer fauna, as communities occupying different sponge species but in the same place are very similar (S2A and S2B, S5A and S5B in Fig. 2) . Table 3 The number of monogononts and bdelloids (ind. per 100 cm -2 of a sponge area), the number of species, the Shannon diversity index and the index of faunal originality of epizoic Monogononta on particular sponges (sampling sites as in Table 1 ). S1 S2A S2B S3 S4 S5A S5B S6 S7 S8 S9 S10 Despite of a relatively small number of species, Shannon's index of Rotifera species diversity ranged from 1.57 for S. fragilis (S4) to 4.04 for E. fluviatilis (S5B). The mean value of the index was 2.81 (SD = 0.88).
Similarly to species composition, also densities of epizoic monogonont rotifers were very diverse. They ranged from 36 ind. per 100 cm -2 on S. lacustris from the river site at the village of Stanek to 3670 ind. per 100 cm -2 on S. fragilis from the canal at the village of Sosnówek. Bdelloids were another group of Rotifera abundant in epizoon of sponges. They were observed at all studied sites and their numbers ranged from 13 to 378 ind. per 100 cm -2 . They probably feed on detritus and bacteria covering sponges (Table 3) .
DISCUSSION AND CONCLUSIONS
Epizoic communities of Rotifera from particular sponges were very diverse in terms of the number of rotifers and their species. Taking into account the comparisons made by Frost (1976) on Spongilla lacustris and on three plant substrates common to its habitat: Nymphea odorata, Nuphar advena and Utricularia spp., one could expect rather low numbers and species diversity of Rotifera. The results of Frost's (1976) studies showed markedly lower values of the percentage surface area with attached algal filaments for the sponge.
However, data on rotifer communities from freshwater sponges compared with data from freshwater bivalves (another animal host) (Bołtruszko 2010) reveal that abundance of the former (if expressed per area units) is similar to the latter. Nevertheless, there are some differences in taxonomic structure of these two kinds of rotifer assemblages. Epizoon of the sponges was dominated by free-living littoral and benthic species, whereas bivalves often hosted relatively abundant sessile rotifers, like Ptygura melicerta Ehrenberg. The only sessile rotifer, Ptygura spongicola, described by Bērzinš (1950) from freshwater sponges, was not found in this study. Another difference between rotifers from sponges and bivalves was the prevalence of rotifers from the class Monogononta over the subclass Bdelloidea in epizoon of sponges and the opposite situation, i.e. much higher densities of bdelloids than monogononts on bivalves (Bołtruszko 2010) .
Thus, freshwater sponges host relatively abundant and taxonomically diverse rotifer communities. Generally, sponges growing on different substrates and especially those growing on artifacts play a very important role in some kind of "naturalization" of wastes. This process leads to creation of the so-called "hot points" of rotifer abundance and species richness in waters that are not very reach in species, like water currents in streams of high water quality (Duggan 2001) . Table  1 .
